). Linker L2 together with N, α19) ( Figure 1B ). The N-terminal half (residues 4-305), designated the PAZ-containing lobe, is connected by a L1, and PAZ form a compact global fold ( Figure 2B ). One surface of the PAZ-containing lobe, that directed short linker segment to the C-terminal half (residues 318-706), designated the PIWI-containing lobe, The toward the PIWI-containing lobe and corresponding to the view in Figure 2B , exhibits a pronounced basic elecrU 8 , required for successful crystallization, is disordered in the electron density map. trostatic surface ( Figure 2C ).
PIWI-Containing Lobe PAZ-Containing Lobe The magenta-colored N domain (residues 1-108) is
The yellow-colored linker L2 (residues 312-335) at the start of the C-terminal PIWI-containing lobe consists of composed of an antiparallel four-stranded β sheet core with two α helices positioned along one face of the extended segments on either side of a short β sheet ( Figures 2D and 2E ). The magenta-colored Mid domain sheet and an extended β strand toward its N terminus (Figures 2A and 2B) . The N domain core fold is most (335-488) is composed of a parallel four-stranded β sheet core, surrounded by four α helices and two addiclosely related to the catalytic domain of replication ini-tional short α helices ( Figures 2D and 2E) . The Mid core of the guide RNA is anchored within this highly conserved basic pocket, implying that this pocket is also fold is closely related to the amino terminal tryptic core fragment of the E. coli lactose repressor (Friedman et  likely The RNase H-like scaffold of the PIWI domain of Aacorresponding to the view in Figure 2E , exhibits a proAgo projects three highly conserved acidic amino acids nounced basic electrostatic surface ( Figure 2F ), with its (D502, D571, and E578), with the Asp residues directed most basic segment lining the periphery of a potential toward a divalent Ca 2+ cation (red side chains and orbinding pocket (red arrow in Figure 2F ).
ange ball in Figures 2D, 2E , and 3D). D502 is coordinated to the divalent cation, whereas E578 is furthest from the divalent cation, from which it is separated by The N Domain Projects a Basic Surface Patch the conserved basic residue R570. The spatial organifor Putative RNA Recognition zation of the DD-containing motif projecting from the One surface of the N domain, which is directed across RNase H scaffold of the PIWI domain of Aa-Ago matches a narrow groove toward the adjacent PAZ domain, the corresponding DDE motif projecting from RNase HII presents a patch of basic residues (K34, K37, and R41) (Lai et al., 2000) ( Figure S2B ) as well as related motifs projecting off one face of an α helix (α1) ( Figure 3A) , in integrases, reverse transcriptases, and transposases with the potential for participating in RNA-mediated in- (Yang and Steitz, 1995) . Furthermore, nonconserved teractions.
D683 is positioned near conserved D502 and participates in coordinating the bound Ca 2+ cation.
The PAZ Domain Contains a 3 Overhang
Because RNase H is a divalent cation-dependent enBinding Pocket zyme that specifically cleaves DNA-RNA hybrid duPrevious structural studies of PAZ-RNA recognition plexes, the observation of a bound Ca Figures 4A and 4B) . A similar preference for DNA over RNA was also obrather stacks on Y439, with the backbone making a U turn such that the nonbridging oxygens of the 5# phosserved for binding by nucleic acids of the archaeal Af- 
, 2004). In addition, D683 is also
The duplex segment toward the 3# end of the guide strand (residues 15-21) and the 5# end of the mRNA coordinated to the Ca 2+ ion in Aa-Ago, with the equivalent position occupied by H807 in hAgo2. Recent point strand threads its way between the N and PAZ domains in our model of the complex ( Figure S4D ). This threadmutation studies have shown that H807, as part of a DDH motif, contributes to hAgo2 phosphodiester cleaving requires rotation/translation movements of the PAZ domain away from the N domain, on proceeding from age chemistry (Rivas et al., 2005) .
The Piwi-containing module (PIWI and Mid domains) the crystal structure of free Aa-Ago to its alignment in the model of the complex. The phosphates toward the exhibits substantial surface and charge complementarity with the guide DNA-mRNA duplex in our model of 3# end of the guide strand and the 5# end of the paired message are anchored through interactions with basic the complex. This complementarity most likely contributes to the proper alignment of the duplex with respect residues on the N domain ( Figure S4D ), including those constituting the basic patch highlighted in Figure 3A . to the catalytic cleavage residues positioned within the PIWI domain. Simultaneous recognition of both the miPrevious research has established that as many as nine contiguous noncanonical pairs can be tolerated nor and major groove in the vicinity of the cleavage site ( Figure S5) The affinity of the Aa-Ago and its mutants with various oligonucleotained 5% of the reflections chosen at random. An overall anisotides (listed in Table S1 ) were detected and quantitated by using a tropic B factor was refined for the structure, and individual isotropic double filter binding assay (Wong and Lohman, 1993 ). The reac-B factor was refined for all atoms. A bulk solvent correction was tions containing 5#- Several protein-nucleic acid clashes were relieved by a cleavage K buffer followed by proteinase K treatment and RNA isolation
